This paper proposes a novel fast direction of arrival (DOA) 
Introduction
With the development of array signal processing, there has been swift growing interest in developing high resolution direction of arrival (DOA) estimation for narrowband planewave. Many perfect algorithms, such as multiple signal classification (MUSIC) algorithm and estimation of signal parameters via rotational invariance technique (ESPRIT) algorithm [1] [2] have been expanded and have received significant attention for their high resolution performance over the years. MUSIC and ESPRIT algorithm has satisfactory performance when the received signals are uncorrelated, however, they will be unsuccessful when signals are coherent. To deal with the coherency problem, many decorrelated methods have been proposed [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] , in which spatial smoothing technique is the most typical technology [3] [4] . Spatial smoothing technique is a kind of preprocessing technique which is based on the scheme that divides the array into overlapping subarrays, and then, through the average of the subarray covariance matrixes, coherent signals can be decorrelated. Although spatial smoothing technique can deal with coherent signals, it can reduce array aperture, so it is inconvenient in practical engineering. Based on the spatial samples of received data, matrix pencil (MP) approach is presented in [5] . The MP method can estimate coherent signals DOA conveniently without additional processing, however, the required signal-to-noise ratio (SNR) is too high to use in practice. The ML [6] , Toeplitz and Improved Toeplitz algorithms [7] [8] are the other significant methods that can be used for coherent signals DOA estimation, however, these approaches cannot differentiate uncorrelated signals from coherent signals. The incapability to discriminate uncorrelated signals from coherent signals lead to a grievous waste of sensors. Consequently, novel methods are proposed which can be classified as another category decorrelated technique called spatial difference technique In [9] [10] [11] [12] [13] [14] 
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DOA Estimation of Proposed Method
In this Section, uncorrelated and coherent signals DOA estimation are given separetely in Sections 3.1 and 3.2. 
Uncorrelated
where ii 
A is the linear combination of () a  ,and coherent signals will not satisfy the character of uncorrelated signals shown in (5) .That is to say,the effect of coherent signals in each group cannot be equivalent to a virtual source which can be confuse with the uncorrelated signals.So there is no false peak for coherent signal in the MUSIC spectrum,and only uncorrelated signals DOA estimation can be attained by the peak of
Unitary Transform
MUSIC algorithm has perfect performance, while it is time-consuming for its complex matrix multiplication and eigende composition. Compared with complex multiplication, the computational complexity of real multiplication is less. If R is complex centroHermitian, by using unitary transform, we can change it into a real matrix.
For a given matrix Q , we denote P J as a PP  dimension exchange matrix with ones on its antidiagonal and zeros in rest .We call Q is a left- -real matrix if it satisfies 
Fast MUSIC Method based on Real Propagator Method
By performing unitary transform ,we can acquired real covariance matrix  R , however, the computational load of eigendecomposition for  R is also large, in order to release the computation,we can consider the real propagator method. Under the hypothesis that (15) The formula ( 15) indicates that the real propagator span the noise subspace as does the matrix n U . RPM avoids the eigendecomposition and the computation of eigendecomposition is larger than linear combination, by utilizing RPM technique,we can release the computation of subspace algorithm.We construct the following DOA estimator for uncorrelated signals:
Coherent Signals Fast DOA Estimation
In this section, new spatial smoothing is carried out to solve coherent signals DOA estimation. In the following description, we use the equivalent subarrays to describe smoothing technique and assume the number of subarrays is p .The m th subarray covariance matrix is given by
(17) where the selection matrix
,in which ()
,in which
A is a Vandermonde matrix,it is clear that
,then we can obtain
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From formula (19) and (20) 
Summary the Step of Fast Algorithm
In this section, we will summarize the fast method we proposed as follows: Step1: Calculate the covariance matrix R , then, using 2n Q or 21 n Q to get real covariance matrix  R . Step2: Calculate 1  R and 2  R and get the estimated P by equation (13 [ ( 1) ( ( 1) 
, respectively.Contrast with the method in [14] ,our proposed method is a low complexity algorithm .
Simulation Results
The performance of our fast algorothm is illustrated in this section and 8-element ULA with interelement space of half a wavelength will be used. For simplicity,we suppose that all signals are of equal power 2 s  and the uncorrelated signals and coherent signals come from far field at the same time. We use 600 snapshots to estimate the array covariance matrix , and the additional noise is ideal Gaussian white noise .When using MUSIC to resolve the signals DOA,the scanning is performed over [ 90 ,90 ]  with a step size of 0.1 .Independent Monte-Carlo research number is 100,and the root mean square error(RMSE) for uncorrelated signals and coherent signals is defined as Spectrum/dB method in [14] for uncorrelated signals method in [14] for coherent signals .The former computational load is far less than the latters. The RMSE curves of the DOA estimations versus the SNR and snapshots are shown in Figure 3 and Figure 4 . The results of Figures indicate that the differenc of RMSE between two algorithms is not obvious , and because of lower computational load, our fast mthod has more wonderful prospect in practical engineering. number of snapshots RMSE（ degree） our fast method for coherent signals method in [14] for coherent signals our fast method for uncorrelated signals method in [14] for uncorrelated signals [14] and our fast method are shown in Figure 5 and Figure 6 , and the simulation results confirm the correction of our throretical analysis. Figure 7 and Figure 8 . indicate the RMSE curves of the DOA estimations versus the SNR and snapshots. From the results of Figure 7 and Figure 8 , we know that our fast method has larger RMSE when the detected signals number is maximum, however, its computational burden is far less than the method in [14] , so it is more available in practical engineering . Spectrum/dB method in [14] for uncorrelated signals method in [14] for coherent signals [14] for coherent signals our fast method for uncorrelated signals method in [14] for uncorrelated signals
Figure 4. RMSE Versus Number of Snapshots

Figure 8. RMSE Versus Number of Snapshots for the Second Case
Simulaiton .
In the third simulation, we take into account the situation that the effect of subarrays number p on the DOA.Suppose that two uncorrelated signals impinging from [ 50 , 35 ]  and two groups of four coherent signals impinging from [ 20 ,0 ]  and [15 ,35 ] . The two groups coherent signals fading amplitudes are [0.64,0.87] and [0.95,0.71] , and the phases are [142 ,34 ] and [53 ,87 ] ,respectively . The SNR of each source is 10dB . The spatial spectrums with different p for our fast method are shown in Figure9, from the simulation results we know that our fast algorithm can attain better DOA estimation even when the number of subarrays is two. The RMSE curves versus the SNR for our fast method with different p are shown in Figure 10 . Figure10 indicates that our fast method has more perfect accuration with the increasement of SNR. array sensors is odd or even.By using real propagator method ,our algorithm can attain uncorrelated signals and coherent signals DOA fastly.The proposed algorithm has two advantages ,in which one is that it can estimate more sources than array sensors , the other is that it has lower computational complexity. The computer simulations validate the effectiveness of our proposed algorithm.
